W Serpentids and Double Periodic Variables (DPVs) are candidates for close interacting binaries in a non-conservative evolutionary stage; while W Serpentids are defined by high-excitation ultraviolet emission lines present during most orbital phases, and by usually showing variable orbital periods, DPVs are characterized by a long photometric cycle lasting roughly 33 times the (practically constant) orbital period. We report the discovery of 7 new Galactic DPVs, increasing the number of known DPVs in our Galaxy by 50%. We find that DPVs are tangential-impact systems, i.e. their primaries have radii barely larger than the critical Lubow-Shu radius. These systems are expected to show transient discs, but we find that they host stable discs with radii smaller than the tidal radius. Among tangential-impact systems including DPVs and semi-detached Algols, only DPVs have primaries with masses between 7 and 10 M . We find that DPVs are in a Case-B mass transfer stage with donor masses between 1 and 2 M and with primaries resembling Be stars. W Serpentids are impact and non-impact systems, their discs extend until the last non-intersecting orbit and show a larger range of stellar mass and mass ratio than DPVs. Infrared photometry reveals significant color excesses in many DPVs and W Serpentids, usually larger for the latter ones, suggesting variable amounts of circumstellar matter.
Since most stars in the universe are binaries or members of gravitationally bounded systems, binary star evolution constitutes a primordial subject for understanding large stellar populations. The case of intermediate-mass binaries of the Algol type is especially interesting since epochs of severe interaction must exist to account for the mass ratio distribution (Sarna 1993 , Van Rensbergen et al. 2011 , de Mink et al. 2014 . In spite of the importance of the binary interaction stage, is not clear how efficient the processes of mass and angular momentum transfer are, remaining unknown how much matter is deposited into the interstellar medium and how much is accreted by one of the stellar components.
For the above reasons the identification and study of heavily interacting binaries is important to bring clues on the nature of mass loss mechanisms during epochs of binary interaction. Two classes of interacting binaries (IBs) showing evidence of interaction are relevant in this sense: the Double Periodic Variables (DPVs) and the W Serpentis stars. They are both members of the more general class of Algols, close binaries usually consisting of a cool evolved star and a main sequence early type star. Early in its history, the E-mail: rmennick@astroudec.cl secondary star would have been more massive, and evolved first until overfilling its Roche lobe. After fast mass exchange, the lobefilling star became the less massive of the pair (e.g. Eggleton 2006) . Double Periodic Variables are semi-detached interacting binaries showing a long photometric periodicity lasting about 33 times the orbital period (Mennickent et al. 2003) ; a couple of them have been found in the Galaxy ) and more than one hundred fifty in the Magellanic Clouds (Poleski et al. 2010 , Pawlak et al. 2013 ). An inherent feature of DPV is presence of relatively large and optically thick circumprimary disc. The long-cycle has been interpreted as evidence for cyclic mass loss (Mennickent et al. 2008) , probably through a modulated disc-wind (Mennickent et al. 2012b) . Surprisingly, in spite of evidence for mass loss, the orbital period remains remarkably constant in all well studied DPVs (e.g. Mennickent et al. 2012a .
W Serpentis stars are interacting binaries consisting of a hot star surrounded by an optically thick accretion disc (Plavec 1980a ,b, 1982 , Young& Snyder 1982 . The W Serpentids are characterized by strong ultraviolet emission lines of highly excited species like He II, C II, Al III, Fe III, C IV, Si IV and N V seen at every orbital phase, that have been thought to be formed in a super corona produced by the process of mass transfer and accretion (Plavec, Weiland & Koch 1982) or by scattering in an induced stel-lar wind . In addition, the light curve tends to be noisy and the orbital periods variable. The W Serpentids have been interpreted as semi-detached close binaries with circumprimary discs fed by Roche-lobe overflow at mass transfer rates larger than normal Algols .
The orbital eccentricity in DPVs and W Serpentis stars is always compatible with zero; in very few cases is very small and consistent with the effects produced by the mass streams in the radial velocities of close binaries (Lucy 2005 ). This condition is in agreement with the theoretical prediction of a rapid orbit circularization for these systems by dynamical tides (Zahn 1975 (Zahn , 1977 .
The main goal of this paper is to compare, for the first time, DPVs with W Serpentids from the observational point of view, trying to clarify if they are two separated classes of interacting binaries, and if they are related from an evolutionary perspective. We also present a new census of Galactic DPVs, presenting 7 new systems, increasing significantly the number of these objects in our Galaxy.
The paper is organized as follow: in Section 2 we present our methodology for searching for new DPVs and give sources for infrared photometric data. In Section 3 the results of this search are presented, along with a compilation and analysis of DPV and W Serpentids data found in the literature. In this section we also analyze 2MASS and WISE colors for the sample stars. In Section 4 a discussion of our results is presented. We finish with our conclusions in Section 5.
METHODOLOGY AND DATA SOURCES

Search for new Galactic Double Periodic Variables
The new DPVs presented in this study were found by one of us (S.O.) as part of a multi-survey variable star search using three publicly available databases: the All Sky Automated Survey -ASAS-3 (Pojmanski 2002) , the Northern Sky Variability Survey -NSVS (Wozniak et al. 2004 ) and the Hipparcos Catalogue (Perryman et al. 1997 ). More than 3000 new variable stars were found and hundreds of new/revised classifications of known variables were made. Here we report the discovery of 7 new galactic DPVs, clearly distinguished by their blueish colors, two periods and characteristic period ratio.
Period determination and light curve disentangling
The photometric periods of new DPVs were determined with the IRAF PDM task (Stellingwerf 1978) . Then we disentangled the two main photometric frequencies by using a code specially designed for this purpose (e.g. Mennickent et al. 2012a) . The code adjusts the orbital signal with a Fourier series consisting of the fundamental frequency plus its harmonics. Then it removes this signal from the original time series letting the long periodicity present in a residual light curve. The program fits this remaining signal with another Fourier series consisting on fundamental frequency and harmonics and remove it. As result we obtain the cleaned light curve with no additional frequencies and two light curves for the isolated orbital and long periods.
W Serpentis stars in the literature
While DPV publications are relatively recent and we can easily find data in the literature for a statistical analysis, data for W Serpentids are more disperse and not so easily accessible; a brief description of these data is given below.
We searched for physical data of W Serpentids in the literature, starting with the catalog of Peculiar Emission Line Algols of Gudel & Elias (1996) . However, we found that several of their objects proposed as W Serpentids are of other nature and were not included in our analysis. Here we provide a list of these objects in order to avoid confusion in future investigations. RZ Sct is proposed as a double contact binary (Olson & Etzel 1994) , ø Leo (14 Leo = HD 83808) is an evolved Am binary (Griffin 2002) , V644 Mon, KX And and AX Mon are long period Be star binaries (Halbedel 1989 , Tarasov, Berdyugina & Berdyugin 1998 , Puss & Leedjarv 1997 and SS Cam an eclipsing RS CVn system (Arnold et al. 1979 ). In addition, after searching the ADS we find that in the long-period Algols WW And, KU Cyg, RX Gem, DN Ori, AY Per, the Algols with cyclic period changes WW Cyg, SW Cyg and Y PsC, and the binaries SY And, UZ Cyg, RW Gem, TX UMa, TU Mon, U CrB, AM Aur and 14 Ser, there is no reported evidence for a W Serpentis type classification. Finally, AU Mon is a Double Periodic Variable discussed in this paper and RW Tau (P o = 2.77 days with variable period changes, Simon 1977 , no physical data available) is classified as a weak W Serpentis star probably related to transitional objects like V356 Sgr and U Cep (Plavec & Dobias 1983) .
The remaining 6 systems in the Gudel & Elias catalog, truly classified as W Serpentids, were investigated for fundamental system and stellar parameters in the literature, viz., RX Cas, SX Cas, V367 Cyg, RY Per, W Ser and RS Cep. We added UX Mon, W Cru and BY Cru from the list of W Serpentids by Wilson et al. (1984) and also added the prototype of the class β Lyrae, amounting to 10 W Serpentis stars.
The following stars have been mentioned as possible W Serpentids in the literature but they are not included in this work for the reasons given below: V453 Sco (HD 163181) only shows high excitation UV emission lines at orbital phase 0.6 (Hutchings & Van Heteren 1981) , BM Cas is a binary in a common envelope phase (Pustylnik, Kalv & Harvig 2007) , U Cep, KU Cyg, RZ Oph and V356 Sgr are classified as transition objects by . For V1507 Cyg (HD 187399) we did not find reports of ultraviolet emission lines, whereas AG Peg and AR Pav are symbiotic binaries (Yoo 2008 , Quiroga et al. 2002 . Finally, HD 207739 shows variable ultraviolet emission and probably is a transition object (Kondo, McCluskey & Parsons 1985) .
Three systems previously classified as DPV candidates
In a recent paper, Mennickent & Rosales (2014) report the discovery of two new Galactic DPVs, viz. V495 Cen and V4142 Sgr, which are included in this paper. In addition, they classified as DPV candidates the following objects, due to the presence of two photometric periods in their ASAS light curves: TYC 6083-192-1, TYC 8638-2548-1 and UX Cnc. However, due to their very long periods, of duration comparable with the time baseline, their small long-cycle amplitudes and very red colors, we argue for a RS CVn nature for these systems, where the long cycle probably represents cycles of sunspot-like activity. In this view, the short periods reported previously for these objects are twice the true rotational periods of a single RS CVn star. Let's discuss briefly each of these systems.
TYC 6083-192-1 is classified as E/RS with Coronal Activity in the ASAS Eclipsing Binaries Catalogue (Szczygiel et al. 2008) and published spectra indicate a K4V+M0V system (Parihar et al. 2009). Additionally, the SAO catalogue (Whipple 1966) indicates a spectrum K7 and it is classified as K5 in the FOCAT-S catalogue (Bystrov et al. 1994) . The reported short period of 90.4 days assumed eclipses much wider than usual for RS CVn binaries and it could be twice the stellar rotational period of 45.2 days. The long cycle of around 3497 days implies a period ratio of about 77, much different from a typical DPV period ratio. TYC 8638-2548-1 is a ROSAT X-ray source with J − K = 0.79 and B−V = 1.13. The long cycle shows an asymmetrical light curve as most RS CVn systems. The reported short period of 101.3 days assumes eclipses, much wider than usual for RS CVn binaries, and could be twice the stellar rotational period of 50.65 days. The long period of about 3400 days implies a period ratio of 67.1, unusual for a DPV.
UX Cnc with J − K = 0.69 and B − V = 1.03, seems to be another RS CVn. The reported short period of 84.8 days assumes eclipses, much wider than usual for RS CVn binaries, and could be twice the stellar rotational period of 42.24 days. The suggested long cycle of 2158 days implies a period ratio of 51.1, unusual for a DPV.
For the above reasons the three aforementioned systems were not included in our census of Galactic DPVs.
2MASS and WISE infrared data
Here we give a brief summary of the infrared photometry used in this paper. The query for magnitudes of the DPVs and W Serpentids was done through the NASA/IPAC infrared science archive 1 and focused on two infrared imaging surveys.
Firstly, we scanned for data obtained with the Two Micron All Sky Survey (2MASS), a project that uniformly scanned the entire sky in three near-infrared bands, J at 1.25 µm, H at 1.65 µm and K s at 2.17 µm, to detect and characterize point sources brighter than about 1 mJy in each band, with signal-to-noise ratio (SNR) greater than 10, using a pixel size of 2.0" (Skrutskie et al. 2006) . The Infrared Processing and Analysis Center (IPAC) is responsible for all data processing through the Production Pipeline, and construction and distribution of the data products. Magnitude limits for point sources are at least 15.8, 15.1 and 14.3 mag at J, H, K bands, respectively. 2MASS successfully obtained photometry of sources as bright as K ∼ 4 mag measuring the flux at the wings of the stellar image of bright stars. Unconfused point sources (with SNR 20) have a photometric accuracy of better than 3%.
Secondly, we searched for magnitudes obtained with The Wide-field Infrared Survey Explorer (WISE), a NASA medium 1 http://irsa.ipac.caltech.edu/Missions/wise.html class explorer mission that conducted an all-sky survey at midinfrared bandpasses centered around wavelengths 3.4, 4.6, 12 and 22 µm (hereafter W1, W2, W3 and W4; Wright et al. 2010) . The survey was conducted with a 40 cm cryogenically-cooled telescope in sun-synchronous polar orbit. Four infrared detectors imaged the same sky field of view during 7.7 s (W1, W2) and 8.8 s (W3, W4). We use here the data of the second-pass processing, obtained with improved calibration and processing algorithms, superseding those obtained for the preliminary data release. Sources in the All-Sky Release Source Catalog saturate the WISE detectors at characteristic magnitudes of 8.1, 6.7, 3.8 and -0.4 mag in W1, W2, W3 and W4, respectively. Profile-fitting photometry extracts reliable measurements of saturated sources using the non-saturated wings of their profiles up to brightnesses of ≈ 2.0, 1.5, -3.0 and -4.0 mag in W1, W2, W3 and W4.
The analysis of 2MASS and WISE magnitudes is presented in Section 3.6.
2.6 About stellar and disc parameters.
Since our work relies on a compilation of data available in the literature, some words are necessary about the methods that have been utilized to obtain the stellar and disc parameters of the systems under study.
Parameters for DPVs are more homogeneously determined than in W Serpentids. In most cases the light curve was modeled with a code created by Djurašević (1992a,b) . The code uses the inverse-problem solving method based on the simplex algorithm, and the model of a binary system with a disc. Spectroscopically derived data (for instance temperature of the donor or the system mass ratio) are usually used as input to constrain the light curve solution. Stellar and disc parameters and their errors are provided by the authors as the formal solution of the aforementioned model. In particular, the stellar flattening due to rotation is included and the radius equivalent of a spherical star of the same volume is provided. Due to the use of the same methodology in 6 of 7 cases, we don't expect large systematic errors in DPV stellar and disc parameters.
The situation is different for W Serpentis stars. The method described in the paragraph above was used only for one of the W Serpentis stars in our sample (10%), to determine stellar parameters, and for 3 of them to determine disc parameters (30%). In all other cases different methods were used and hard-to-quantify systematic errors are likely present. In particular, the hiding of the primary by the disk makes difficult to detect it in the spectrum. Sometimes the radial velocities for the primary are non-existent or affected by complex absorption/emission line components. These components comes from the disc and the gas stream and can reveal unknown effects of variable optical depth. In the worst cases the . Disentangled orbital and long-cycle light curves for the 7 new DPVs presented in this paper and the eclipsing binary TYC 7398-2542-1 (ASAS J182841-3314.6). They are phased according to the ephemerides given in Table 1 . (Hill et al. 1997 , open circle). The best linear fits determined by least square fitting are also shown; one is forced to pass by the origin (dashed line) and the other has the best intersection in the y-axis (solid line).
temperature for the primary is estimated from the U − B or B − V colors, and a main sequence stage is assumed along with a massradius relationship. For the above reasons, although we include the formal errors provided by the authors, we can expect larger systematic effects for the parameters of the studied W Serpentis stars.
About evolutionary models
We provide for most DPVs the age and the mass transfer rate as found in the literature. They were usually determined by comparison of observed quantities, in particular the orbital period, stellar masses, radii and luminosities, with the predictions of the binary evolution models of Van Rensbergen et al. (2008) . These models include cases of strong and weak tidal interaction and also some non-conservative evolutionary tracks. A multi-parametric χ 2 minimization is done between observed and predicted quantities, in order to obtain the best model for every system, as described by Mennickent et al. (2012a) . Although formal errors are provided by the authors, the limited grid of models and ad-hoc assumption of mass loss in the non-conservative cases, are intrinsic limitations of the method.
RESULTS
The new Double Periodic Variables
The result of our search for new Galactic Double Periodic Variables was the discovery of 7 new DPVs whose relevant information is given in Table 1 and light curves shown in Fig. 1 . Ephemerides refers to the minimum of the orbital light curve and maximum brightness of the long-cycle light curve. During our research we found the object TYC 7398-2542-1 (ASAS J182841-3314.6) as a DPV candidate with P o = 2.76903 ± 0.00002 days and P l = 106 ± 1 day. However, we reject the DPV classification since the light curve is of detached type (all others DPVs are semi-detached type) and the orbital period is quite short (all other DPVs have P o longer than 5 days). The long period of this object could be due to an unresolved variable companion. The confirmed new DPVs are: BF Cir, the only eclipsing one, HD 151582 showing a single-wave orbital light curve and CZ Cam, HD 256413, HD 58645, TYC 8627-1591-1 and V1001 Cen showing double-wave ellipsoidal orbital variability. All long-cycle light curves are single-hump except that of TYC 8627-1591-1 showing a double-wave modulation.
The number of currently known Galactic DPVs amounts to 21; they are presented in Table 2 , along with their orbital periods (ranging from 5.8 to 33.5 days), long periods (ranging from 160 to 1283 days), period ratios, spectral types and extreme visual magnitudes. From the published spectral types of DPVs, it is notable the presence of an early B-type component is most systems.
The orbital and long periods of DPVs follow an almost linear tendency (Fig. 2) . The best linear fit passing by the origin is:
with rms = 38 days. This relation is slightly different than previously reported with only 13 systems in the Galaxy, viz. P l = (32.7 ± 0.9)P o or P l = 33.13P o for 125 DPVs in the Large Magellanic Cloud (Poleski et al. 2010 ). Excluding the two longest periods we find P l = (33.4 ± 0.6)P o with rms = 22 days, therefore the difference comes primarily from those systems. Since equation (1) gives oddly displaced residuals, we can get a better fit for the data with:
with rms = 27 days. The distribution of period ratios shows a mean of 33.9 with a standard deviation of 3.1 and minimum and maximum values of 27.48 days and 39.36 days (Fig. 3) . We notice that the above relationships still remain limited by the low number of objects and likely by observational selection.
Physical data of DPVs
Physical parameters of all relatively well studied DPVs, 6 in our Galaxy and 1 in the LMC, are given in Table 3 . We calculated luminosities using the published bolometric magnitudes, except for V360 Lac, where we used average stellar radii and temperatures and the relationship L = 4πσ 2 R 2 T 4 . All DPV light curves have been modeled with an accretion disc around the more massive component, except those of V360 Lac and LP Ara. The fact that no disc was assumed in the V360 Lac configuration could produce a bias in the system parameters and mimic a near contact configuration ). On the other hand, LP Ara light curve has been modeled with a Wilson-Devinney code constraining the light contribution of a possible accretion disc to less than 5% of the total orbital light (Mennickent et al. 2011) . It is then very likely that all DPVs harbor accretion discs. The evolutionary stage of some DPVs has been found comparing the system parameters with those of a grid of published evolutionary tracks allowing to obtain the system age, mass transfer rate and core hydrogen concentration for the cool and hot star of the binary pair (X c and X h in Table 3 ).
An inspection of Table 3 reveals that whereas donors of DPVs span a considerable range of effective temperatures and spectral types, between 5.7kK to 12.9kK, the gainers cluster around early B-type stars (T e f f between 15.9kK and 25.1kK), consistent with the spectral classifications given in Table 2 . The range of binary total mass for the DPV phenomenon is 8−13 M . We find that all systems have reversed their mass ratio and have q 0.3.
It is notable that all DPVs are practically in a full Case-B mass transfer state with almost zero hydrogen in the donor core (X c ≈ 0). Consequently, the donor is evolved, filling its Roche lobe, and all systems with determined ages have been found inside or after a mass transfer rate event (see references in Table 3 ). The evolutionary stage inferred from the models, inside or slightly after a mass transfer event, is compatible with the observational evidence of circumstellar matter and accretion discs in DPVs.
Another interesting aspect of Table 3 is that according to the listed references, the best models are found at a conservative stage. If the DPV phenomenon is due to cyclic mass loss as proposed by Mennickent et al. (2008) , then this conservative character of the models could indicate that the departure from the conservative case is probably subtle, i.e. the mass loss is minor compared with the accreted mass in these systems. Alternatively, it could mean that the system has entered the non-conservative phase just recently, something already envisaged for AU Mon . Moreover, an earlier liberal age of large mass transfer with substantial mass loss is probably discarded because of the good match with conservative (or slightly non-conservative) models.
Physical data of W Serpentids
We present in Tables 4 and 5 the physical data of W Serpentis stars. The luminosities are calculated from the bolometric magnitudes, except for BY Cru, W Cru and RS Cep where we used average stellar radii and temperatures provided by the authors and the relation- ship L = 4πσ 2 R 2 T 4 . We find that W Serpentids are characterized by secondary star masses between 0.4 and 3.9 M , and primary star masses between 2.8 and 16.2 M . Total mass in W Serpentids, between 2.5 and 16.2 M , can be smaller than for DPVs. The mass ratios of W Serpentids span a larger range than DPVs, from 0.15 to 1.2, they are lower than 1.0 except for UX Mon (1.15). The temperatures of the secondary also have larger range than DPVs, from 4kK to 13kK. Contrary to DPVs, W Ser are characterized by changing orbital periods (it increases or decreases a couple of seconds per year) and higher mass transfer rates of the order of 10 −5 to 10 −8
M yr −1 . These figures are usually obtained from the rate of orbital period change, assuming conservative evolution. The orbital periods run from 5.9 days (UX Mon) to 198.5 days (W Cru). In our sample of DPVs and W Serpentids, the longer orbital periods are found in W Serpentis stars.
Contrary to previous reports (Sudar et al. 2011) , we find a constant orbital period in UX Mon. The epoch of minimum published in 1950 (HJD 2433328.853; Kreiner and Ziolkowski 1978) was still valid in 2009 (epoch of ASAS-3 data) after 59 years and the best period fitting the ASAS V-band light curve is 5.90442 ± 0.00005 d. The previous reports of period changes might have been influenced by measurements of eclipse timings in a light curve of variable shape. Disentangling the light curve in an orbital and non-orbital component, we find short-term and non-periodic residual variability with amplitude of about 0.2 mag (Fig. 4) . Since this variability decreases during primary minimum and just before secondary eclipse, it likely arises from structures in the orbital plane and inside the binary, like the accretion disc and hotspot.
DPVs and W Serpentids are different classes of objects
Apart from the physical parameters discussed in the previous sections, suggesting significant differences between W Serpentids and DPVs, there are also differences from the observational point of view.
For instance, none W Serpentids has been found with a long photometric cycle matching the relationship given by Eq. 1. There are long cycles in some W Serpentids; in β Lyr a period of 282.4 d is reported (Harmanec et al. 1996) and in RX Cas the long cycle lasts 516.1 days (Kalv 1979) . For the β Lyr the period ratio is 21.8 and for RX Cas 16.0, they do not fit the period-period relationship of DPVs. A search in the Mikulski Archive for Space Telescopes (MAST 2 ) revealed that only 3 of the DPVs presented in this paper (V393 Sco, AU Mon and V360 Lac) have IUE 3 ultraviolet spectra. Searching the existing literature we confirmed that they do not fit the W Serpentid definition of showing UV emission lines at all orbital phases, suggesting furthermore that DPVs and W Serpentids are two distinct types of objects.
Comparison with semi-detached Algols
We compare luminosities, masses and temperatures of primaries and secondaries of W Serpentids, DPVs and semi-detached Algols (Fig. 5) , using as reference the loci for the main sequence for Z = 0.02 and some evolutionary tracks for single stars from Pols et al. (1998) . These are included to illustrate the degree of donor evolution, not to represent their evolutionary track, since it differs for a member of a mass-transferring binary, as illustrated by the binary track in the same panel (see Section 4.2). It is clear that DPVs and W Serpentids generally possess hotter, more massive and more luminous stellar components than semi-detached Algols. In addition, primaries are slightly evolved, slightly displaced from the main sequence in the Log L vs. Log T e f f diagram, as occurs in Algols but secondaries are quite evolved and do not follow the mass-radius relationship as occurs for primaries. This has been traditionally interpreted as the result of the evolution of a donor that has transferred part of its atmosphere onto the gainer resulting in a much evolved cooler star whereas the gainer remains near the main sequence (e.g. Dervişoǧlu, Tout & Ibanoǧlu 2010) . It seems that some donors of W Serpentids are slightly more evolved than DPV donors. When doing this comparison, we should keep in mind that catalogues of Algols might still contain some DPVs or W Serpentids. For instance, Budding et al. (2004) classify as Algol 2 of our 5 Galactic DPVs and 5 of the 10 W Serpentids mentioned in this paper. Another aspect of Fig. 5 is the gap in donor luminosity between W Serpentids and DPVs; these latter occupy an intermediate region between faint and bright W Serpentid donors. Due to the limited dataset, this tendency could be an artifact.
3.6 Infrared excess and circumstellar matter 3.6.1 2MASS photometry of DPVs and W Serpentids 2MASS colors were obtained from SIMBAD for our DPVs and W Serpentids. A sample of Be stars with measured JHK colors was included as comparison; data are from Howells et al. (2001) who present infrared photometry of 52 isolated Be stars of spectral types O9-B9 and luminosity classes III-V. The purpose of including Be stars is that they are fast B-type stars surrounded by ejected disc-like circumstellar envelopes, hence they provide a reference for evaluating the effects of circumstellar material in the infrared colors of our sample stars. We also included in our study theoretical colors for dwarfs and giants obtained from Bessell et al. (1998) . We did not apply interstellar extinction corrections since for most objects there is no distance estimated. However, interstellar extinction is small in infrared wavelengths and it is expected to have a small contribution to the color excess compared with circumstellar reddening. The infrared colors of the studied stars indicate that all these stars show color excess in comparison with the main sequence and giant stars, and that W Serpentis stars in general show redder color than DPVs (Fig. 6) . Interestingly, Be stars occupy the same color range as DPVs. Since Be stars show color excess mostly attributed to circumstellar reddening and proportional to Balmer emission line strength (Howells et al. 2001 , Dachs et al. 1988 ), it is reasonable to assume that the color excess observed in DPVs is also a signature of circumstellar matter, the same for W Serpentids showing even larger color excess.
We also find that longer orbital period systems tend to show redder H − K colors (Fig. 7) . This might be related to the presence of bigger and more luminous secondaries in longer period systems, but also to larger accretion discs inside the large Roche lobes of the primaries. 
WISE photometry of DPVs and W Serpentids
We visually inspected the WISE images at bands W1, W2, W3 and W4 for all systems. In general, all objects were detected at all bands, except some of them at W3 (GK Nor and LP Ara) and W4 (DQ Vel, GK Nor, HD 170582, HD 90834, LP Ara and TYC 8627-1591-1). Presence of nebulosity was not observed. In order to include most of the objects in our study, we used only the three first WISE magnitudes to construct W1 − W2 and W2 − W3 color indexes. Data obtained during eclipses were discarded. When possible, and just for few cases, we considered independently separated epochs for a given star. In this process some additional epochs were excluded for a given star, due to the lack of simultaneous multi-band data.
We calculated the mean magnitudes for each filter (i= 1,2,3):
and the variance of the mean:
where mean magnitudes W i are defined for samples of n individual w i, j magnitudes. These values are given for the sample stars in Tables 6 to 9 . We notice that the true variability (measured by the root mean square), can be several times the quoted variance of the mean. As in the case of JHK photometry, no correction by interstellar reddening was performed. However, at these wavelengths, the effect of interstellar reddening is neglectable. We compared data of DPVs, W Serpentis stars and Be stars; the last were used as testers of circumstellar matter. In addition, we included as a reference the average colors for 136 main sequence stars from the Hipparcos catalogue. For the selection of this sample we applied several criteria: V magnitude in range of 8 to 10, Hipparcos magnitude (H p ) scatter less than 0.04 mag, known variables rejected, only stars with confirmed spectral class V, all known emission line objects were rejected, all known multiple systems were discarded, all stars with very close companions were rejected, finally few outliers were discarded. The final sample consisted of stars in the range of spectral types from B1 V to K3 V (Tables 9 to  11) .
From the distribution of systems in the color-color diagram we conclude (Fig. 8): (i) The region occupied by the Hipparcos standards in the range B3 V to K3 V is very compact, around the origin; it means that for binary systems (without IR excess) we can expect exactly the same colors, (ii) DPVs, Be stars and W Serpentis stars show in general significant color excess compared to main sequence stars, (iii) DPVs show in general less color excess than W Serpentids and Be stars, (iv) some DPVs or W Serpentis stars show large color variability and (v) BY Cru stands out showing the largest color excess in our sample (this is also true for the 2MASS H − K colors).
In order to properly calibrate the color-color diagram with a real physical situation of a close binary similar to the systems considered in this study, we introduce some of the models calculated by Deschamps et al. (2015) for a binary loosing matter through a radiative wind formed at the stream-star impact region. Deschamps et al. (2015) use a state of the art code to model the binary parameters during the evolution of the mass transfer episode, focusing on the impact of the outflowing gas and possible presence of dust grains on the spectral energy distribution. Models labeled 1, 2 and 3 in Fig. 8 correspond to models A-df-0.71, B-df-0.71, and B-ld-0.71. These are the models "dust-free" (df) and "low-dust " (ld) at 20 000 yr (model A) and 60 000 years (models B) after peak of mass transfer and with 71% of fraction of the spherical domain covered by the gas outflow (see model details in Deschamps et al. 2015) . The models are constructed for a binary consisting of a late G-type giant and a dwarf B-type gainer located at 300 pc.
We interpret the good match of the models 1, 2 and 3 with the position of some DPVs and W Ser stars as evidence of circumstellar matter in these stars. None of the Deschamps et al. (2015) models can reproduce W1 − W2 colors larger than 0.3 mag, neither the J − H vs. H − K color distribution of our sample stars; in general the predicted colors are too blue at J − H. The incapacity of the models in reproducing these regions of the color space could indicate still unexplored model parameters and binary configurations; the complexity of the calculations carried out by Deschamps et al. probably forced the restriction of many parameters to very particular cases. In spite of that, the conclusion that the large color excesses observed in DPVs and especially in W Serpentids can be interpreted as signatures of circumstellar matter seems to be well justified.
We notice that the spectral energy distribution of V393 Sco and HD 170582 in the ultraviolet, optical and infrared ranges has been modeled to high accuracy with the contribution of two stellar components plus interstellar reddening, without necessity of introducing a circumstellar component . This is consistent with the location of both stars in the lower left part of the color-color diagram near the main sequence region; for V393 Sco W 1 − W 2 = 0.002 and W 2 − W 3 = 0.0955 and for HD 170582 W 1 − W 2 = 0.0786 and W 2 − W 3 = 0.12.
Finally we notice that longer orbital period systems tend to show redder W2 − W3 colors (Fig. 9) . If color excess is a measure of circumstellar matter, as suggested in previous paragraphs, this tendency could reflect the larger Roche lobes and possibly larger discs that these systems can host.
DISCUSSION
Study of discs in DPVs and W Serpentids
We have compiled disc external radii and gainer radii for DPVs and W Serpentids from the literature (Table 12 ). These radii relative to the binary separation are shown in Fig. 10 . The diagram R 1 /a vs. q has been previously used to separate Algols with discs and without discs (e.g. , Peters 2001 . Following these authors, we included three theoretical radii in the diagram. The first one is the Lubow & Shu (1975) critical radius which can be approximated by (Hessman & Hopp 1990) : r c a = 0.0859q
which is accurate to 1%. This radius is usually taken as the maximum possible radius of the primary allowing disc formation. A particle orbiting at this radius has the same specific angular momentum as a particle released at the inner Lagrangian point L 1 ; therefore, the radius corresponds to the radial extension of a ring of matter formed by mass loss due to Roche lobe overflow, just before viscosity starts spreading it into a disc. Therefore, a primary whose radius is larger than the critical radius (R 1 > r c ) is an impact-system, where the gas stream hits the star and disc formation is unlikely. Actually, due to the finite stream size, still it is possible that the outer stream orbits avoid the impact, the respective radius r max is a bit larger than r c and also a function of the mass ratio (Lubow & Shu 1975 ). This radius is also shown in Fig. 10 . The third radius considered is the tidal radius (Paczynski 1977 , Warner 1995 :
This radius corresponds to the last non-intersecting orbit; it is assumed that a disc growing larger will start to experience strong shear forces, hence it represents a limit for the disc size. Table 12 . Symbol size for stellar radius is proportional to the system total mass. When no q error was available, we considered a representative error of 14%. Below the circularization radius shown by the solid black line a disc should be formed and below the dash-point a disc might be formed. The tidal radius indicates the maximum possible disc extension (upper dashed line). Semi-detached Algol primaries from Dervişoǧlu, Tout & Ibanoǧlu (2010) are also shown as black points. The track for R 1 /a for the best model of HD 170582 is shown in the left panel and the corresponding mass transfer rate at the right panel (see text for details).
From the inspection of Fig. 10 and keeping in mind the low number of systems studied, we find that: (i) most DPV primaries are found above the Lubow & Shu (1975) critical radius but below r max , (ii) W Serpentid gainers have radii normally below the critical radius, (iii) W Serpentid discs usually reach the tidal radius and (iv) DPV discs are smaller than the tidal radius. In this context, we note that a disc twice larger than reported in Table 12 was found by Atwood-Stone et al. (2012) for AU Mon, by modeling the Balmer emission lines. The difference was interpreted by the authors in terms of methods sensible to different disc regions; whereas the fit of emission lines is sensible to optically thin disc regions, the light curve model is sensible to the optically thick disc. Most disc radii in Table 12 are derived from the analysis of light curves and represent the optically thick disc, rather than optically thin Balmer emitting regions.
The finding that DPV gainers are larger than the critical radius but smaller than r max is a surprising result, since they should be candidates for hosting transient and variable discs (Peters 2001 ), however we have found that all DPVs have stable discs. The position of the DPV gainers in the diagram indicates they are impact systems. However the impact of the stream is almost tangential, probably imparting most of the angular momentum to the star and accelerating it more efficiently that a head-on impact. The fact that DPVs possess a disc indicates that the disc was formed in spite of the tangential impact. Theoretical work indicates that the impact should rapidly accelerate the star until critical rotation (e.g. Packet 1981 ). This fact suggests that after critical rotation the extra supplied mass cannot be accumulated on the star, but starts forming an accretion disc in DPVs. The DPV characteristic of having pretty much stable orbital light curves, indicates that these discs, formed in a different way that discs of disc-systems (those with R 1 < r c ) ), are relatively stable. It is possible that rapid rotation favors disc formation (see section 4.1.2). At present, it is not known why these discs are truncated to smaller radii than the tidal radius. The possibility that the disc is formed in earlier epochs, before reaching the tangential-impact condition, is explored at the end of Section 4.2.
The situation for W Serpentis stars is different since with the exception of UX Mon, most of them have primaries smaller than the critical radius, or of similar size. Their discs might be formed in the usual way; the gas stream turns around the star, hits itself forming a hotspot and a ring that subsequently spreads forming an accretion disc. For W Serpentis stars the discs extend almost up to the tidal instability radius. UX Mon is the only W Serpentid with q > 1 and contrary to all others W Serpentis systems, it has a primary much larger than the critical radius; this system could have recently initiated the phase of rapid mass transfer, being still before the mass-ratio reversal, as suggested by Sudar et al. (2011) . Therefore, the system is in a evolutionary stage different from all those considered here.
According to the above arguments, our study would benefit from a comparison with the projected rotational velocities of the primaries. However, the empirical determination of the gainer spin velocity in these systems is very difficult, since the presence of the accretion disc introduces absorption/emission features contaminating the photospheric lines. For instance, optical helium absorptions, potentially good indicators, are quite variable in shape and width during the whole orbital cycle. Something similar happens for ultraviolet lines, especially in W Serpentis stars.
The light curve models described in Section 2.6 cannot discriminate between synchronous or critical rotation of the primary, since it is hidden by the accretion disc. We notice that the use of the equivalent radius of the primary, rather than the equatorial radius in DPVs, might underestimate the parameter R 1 /a. For the extreme case of a critically rotating star the equatorial radius becomes 1.5 times the polar radius (Georgy et al. 2011) . Since the equivalent radius is in between both radius, we expect an underestimation of at most 25% in cases of critical rotation (Djurašević G., private communication) . This does not invalid the finding of a disc, that has been determined from the light-curve model, which is sensible to the size and shape of the disc rather than the radius of the primary. However, in cases of critical rotation, it should move some DPVs slightly above the r max /a limit, i.e. into the region of impact systems. In this region no disc is expected, hence the finding of unexpected stable discs in DPVs remains valid.
A comparison with semi-detached Algols
Among candidate systems to form transient discs, i.e. those with r c < R 1 < r max , we find a clear segregation between Algols and DPVs when plotting the total mass and the mass of the primary for these systems (Fig. 11) . The important thing is that DPVs turns to be much more massive than Algols therefore certain range of primary masses are required for triggering the DPV phenomenon among low q systems. Notoriously, the two W Serpentids in this sample are W Ser and β Lyr, both in the extreme of the mass distribution, again suggesting no link between DPVs and W Serpentids. A search in the literature reveals that some of the Algols with r c < R 1 < r max show discs (e.g. SW Cyg, Richards et al. 2014 ; RX Gem, Olson & Etzel 2015) whereas others do not (e.g. TW And, Manzoori 2014; KO Aql, Soydugan et al. 2007) . This is consistent with the traditional view that they should show transient discs (Peters 2001) . However, in this range DPVs have stable discs but are restricted to the ranges r c < R 1 < r max ; 7M < M 1 < 10M and 8M < M total < 13M . This range of parameters seems to be exclusive of the DPV phenomenon.
Are DPV gainers Be stars?
Having determined luminosities, masses and temperatures for DPV gainers in Section 3.2, it is now clear that they share physical characteristics, including position in the HR diagram and possibly rapid rotation, with Be stars (e.g. Zorec, Frémat & Cidale 2005) . We would like to rise the still speculative question whether DPV gainers are subject to the same mechanism producing stochastic mass ejections in Be stars, which is hitherto unknown (Rivinius, Carciofi and Martayan 2013) . If the mechanism is synchronized with the orbit of a close stellar companion, it could produce regular mass ejections, producing the regular long-cycle variability typical of a DPV.
At least a fraction of Be stars showing long-term quasi-periodic variability can share with DPVs physical mechanisms inducing activity. More studies are needed to explore this possibility.
An evolutionary link between DPVs and W Serpentids?
The different regions occupied by W Serpentids and DPVs in Fig. 10 suggest an evolutionary link between both types of variables. In this Section we explore such a possibility considering the path followed by R 1 /a, q and the mass transfer rateṀ during binary evolution. For that, we assume that the evolutionary history of DPVs and W Serpentis stars can be represented by the binary star evolutionary models described in Section 2.7. Moreover, we take one of these models as representative of the general evolution of the mass ratio,Ṁ and primary fractional radius for the systems under study.
To illustrate the prediction of a model, let's consider HD 170582 (Mennickent et al. in preparation) . This model was found among the grid of binary star evolutionary track by Van Rensbergen et al. (2011) following the method described by Mennickent et al. (2012a) and turned to be conservative with initial masses of 6 M and 2.4 M and initial orbital period of 1.0 day. The theoretical path R 1 /a (Fig. 10) indicates that the system evolves from the upper right part of the diagram into the lower left part, lowering its mass ratio mainly due to the mass transfer happening during epochs of Roche-lobe overflow. The accompanying right panel shows the mass transfer rate as a function of R 1 /a indicating that the maximum mass transfer rate occurs before reaching the critical radius (around fractional radius 0.27 in our example).
Accordingly, if W Serpentids are systems with largerṀ than DPVs, as suggested by their larger variability, larger infrared excess and orbital period changes, and both kinds of systems are evolutionarily connected, then we should expect to find them above DPVs in the R 1 − q diagram, since they are hypothetically earlier in the evolutionary history (DPVs are found after the peak of mass transfer). Surprisingly, this is not the case, W Serpentis stars are found below DPVs. It is then possible that both kinds of objects are not linked by evolution.
In addition we note that W Serpentids span a mass range much wider than DPVs. Taking into account objects like RS Cep (M tot = 3.2 M ) or SX Cas (M tot = 6.6 M ) it is hard to imagine that these object can be DPV precursors since they cannot produce early Btype components (apparently a condition for a DPV) by mass exchange. In principle, they might be considered as the outcome of a previous DPV phase, if large systemic mass loss has happened in the system. However, to account for the primary mass of some W Serpentids, the gainer should loose mass, which seems highly unlikely. For the above reasons, we suspect that the less massive W Serpentids are not evolutionarily connected with DPVs. However, it is hard to be conclusive about the other more massive systems, for instance β Lyrae.
Finally in this section we notice that the possibility that the disc is formed before the tangential-impact condition is not possible for HD 170582, since the system comes from a higher mass ratio and larger fractional primary radius, i.e. from a zone where no disc is possible, as shown by the R 1 /a track in Fig. 10 .
CONCLUSIONS
In this paper we have reported the discovery of 7 new Galactic Double Periodic Variables and listed some properties of all 21 known ones. We have also compared observational and physical parameters of W Serpentids and DPVs. Especially their infrared colors and properties of accretion discs were also studied. Whereas most of the 21 DPVs and 10 W Serpentids are included in the photometric study, only some of them have published physical data, making our study of physical characteristics still based on few cases, 7 DPVs and 7 W Serpentids. Keeping this low-number statistic restriction in mind, we arrive to the following conclusions:
• Galactic DPVs show a correlation between their long and orbital periods. The long period is roughly 33 times the orbital one, but a range of period ratios are observed, between 27 and 39.
• Among DPVs and W Serpentids, longer orbital period systems tend to show larger H − K and W2 − W3 colors.
• Contrary to previous reports (probably affected by difficulties in determining eclipse timings in light curves with variable shape), we find a constant orbital period for the W Serpentis system UX Mon, viz. P o = 5.90442 days. We notice that the linear ephemerides for the main minimum remains valid for at least 59 years.
• In general, W Serpentids show larger infrared excess than DPVs. In both classes the excess, at least in some systems and excluding epochs of eclipses, is variable. We show that this can be understood in terms of variable amounts of circumstellar mass.
• Among our sample, the system with the largest H − K and W 2 − W 3 color excess is BY Crucis.
• DPV primaries are tangential-impact systems, i.e. they are slightly above the Lubow-Shu radius and some of them might (if rotating critically) be barely inside the region of impact-systems. Surprisingly, all of them show rather stable discs.
• Discs of DPVs usually extend below the critical tidal radius.
• Discs of W Serpentids usually extend up to the critical tidal radius.
• Among impact systems, DPVs are those with primaries corresponding to slightly evolved B-type stars, with masses in the range 7 M < M 1 10 M . They should rotate rapidly sharing physical characteristics with Be stars, which are B-type fast rotators surrounded by disc-like envelopes whose mass ejection mechanism is still unknown. In our sample the total mass of a DPV is in the range 8 M < M total < 13 M .
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